Is colonic propionate delivery a novel solution to improve metabolism and inflammation in overweight or obese subjects?
Patrice D Cani 1, 2 Increased intake of dietary fibre has been linked to beneficial impacts on health for decades. Strikingly, the exact mechanisms of action are not yet fully understood. Among the different families of fibres, prebiotics have gained attention mainly because of their capacity to selectively modulate the gut microbiota composition and promote health benefits. 1 Prebiotics are fermented by gut bacteria into shortchain fatty acids (SCFA) such as acetate, butyrate and propionate, but multiple other metabolites have also been described. 2 SCFAs have been connected with different physiological processes including the regulation of glucose and lipid metabolism but also energy, immunity and inflammation. Therefore, the gut microbiota has been suggested as a potential target to mitigate cardiometabolic disorders associated with obesity (for review, see ref 3) .
Among the different SCFAs, propionate has attracted the most attention because of its capacity to bind to specific receptors and trigger the secretion of gut peptides such as glucagon-like peptide-1 and peptide YY which are involved in the regulation of appetite and glucose metabolism. 3 In addition, propionate has been found to enhance the development of regulatory T cells and to reduce the expansion of proinflammatory Th17 cells. 4 Therefore, increasing the endogenous production of propionate or its delivery in the colon is an attractive solution to improve metabolic disorders.
Pioneering work by Chambers and colleagues has shown that inulin-propionate ester (IPE) can target the delivery of propionate to the colon and ameliorate body weight gain, glycaemia and the accumulation of abdominal fat. 5 However, one of the major caveats in this seminal study was the lack of evidence that the observed effects were due to the presence of inulin itself on IPE or the delivery of propionate into the colon.
In GUT, Chambers and colleagues addressed this gap of knowledge and expanded on their previous findings. 6 For 42 days, they investigated the impact of dietary supplementation with either 20 g/ day IPE versus inulin as a positive control and used a low-fermentable fibre cellulose as a negative control. In this randomised cross-over trial performed in adults with overweight and obesity, the authors found that both IPE and inulin similarly improved insulin sensitivity compared with the low-fermentable fibre control cellulose. This observation is of great importance and strongly suggests that inulin fermentation per se is sufficient to improve glucose homeostasis without the requirement of targeted propionate delivery in the colon using IPE. Another interesting finding is that the apparent improvement in glucose metabolism was independent of any significant differences in body weight, food intake or GI side effects compared with the low-fermentable fibre cellulose. This finding also strongly suggests that the fermentation of fibres (ie, inulin or IPE) and their metabolites can contribute to the beneficial effects observed on glucose metabolism.
However, despite showing a similar impact on metabolism, inulin and IPE differentially affected the gut microbiota composition and immune parameters. Indeed, in their study, Chambers et al discovered that IPE supplementation was accompanied by a reduction in circulating interleukin (IL)-8, a proinflammatory chemokine. By using in vitro analysis, they demonstrated the proof of concept that propionate can directly reduce the secretion of IL-8 by peripheral blood mononuclear cells isolated from healthy humans. Although this set of data is interesting, it is difficult to ascertain whether a similar propionate-dependent mechanism also occurs in vivo in humans. The authors also found a small but significant increase in IgG levels in IPE-treated subjects versus those receiving cellulose supplementation. This interesting discovery is the first evidence in humans that promoting the delivery of propionate in the colon may affect adaptive immunity. It is worth noting that previous preclinical and clinical data have shown that supplementation with inulin-type fructans was associated with a lower inflammatory tone and a reinforcement of the gut barrier. 7 8 Nevertheless, it remains unknown if these effects are directly linked with the production of propionate, changes in the proportion of the overall levels of SCFAs, or the presence of any other bacterial metabolites.
Alongside the changes in the levels of SCFAs, plasma metabolome analysis revealed that each of the supplementation periods was correlated with different profiles and that specific metabolites were positively or negatively associated with fasting insulin according to the dietary treatment (eg, tyrosine, glutamine, N-acetyl glycoproteins). However, whether these metabolites are causally linked with the regulation of glucose homeostasis remains to be demonstrated. Interestingly, Koh et al recently described a precise mechanism by which a specific microbial metabolite called imidazole propionate, which is derived from an amino acid (ie, histidine) other than those observed in the present study, could contribute to the onset of insulin resistance. 9 Indeed, the authors found that imidazole propionate directly contributes to the development of insulin resistance and diabetes by blocking the insulin receptor signalling pathway. 9 Of note, this metabolite was apparently not affected in the study by Chambers and colleagues.
In conclusion, beyond the interesting finding that IPE was not superior to classical inulin fibre for the improvement of insulin sensitivity, there were specific effects on both the gut microbiota composition and immune factor modulation. This is an attractive finding, although none of the data or any of the correlations with metabolites or bacteria indicated any specific novel mechanistic insights. Nevertheless, this very interesting paper is one of the first in the field to appropriately compare the impact of two fermentable fibres (ie, inulin or IPE) versus a less fermentable fibre (cellulose). In addition, as discussed earlier in this commentary, the researchers provide a range of data and clearly show that targeting the microbiota by using prebiotics offers the ability to induce many metabolic improvements, including changes at the level of immunity. However, evidence that metabolites 
